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Mmductioa 

The Isrmi1.h T.v&mm i. both the wrld'. bigh..t 
*n*rgy .cc.l.r.tar v-m nad fir.t lu#e-.ul. 
Nparcorduct~ .7rCbrotron. Siaw Terstras 
~i..ioni~ in J.17, 1983, the acc.ler.tc4r hu 
op.r.t.d in 1084, lW5 md 1987 with .xtrsct.d b.u. 
of SO0 CeV for thr.. rmn. of fixed tug.t ph7.iu. ..d 
in 19S7, UKI 198S, with proton-.&iprotan wllidiq 
beu.steuoxwo CeV. Thi. paper will focus o. the 
col1id.r operation of the T.r.tro.: its pr...nt .t.tu. 
ud th. c&look for it. lolyar-tar. f.t.r. nolotion. 

Imprwm.t. Since th. lW7 Col1id.r Bun 

Sinu th. .od of th. 18S7 collider mm, th.r. 
have he.. a .wh.r of .i&ficmt impronmmt. in the 
ruiou. eccderst-ar ..b.7.tau. Th... improrcmantr, 
which mere uocid to tha NCC... of the present 
sollidar rum. V. brief17 d..crih.d bclcm. 

Antiprotoo Source inwm~nt. 

The pmrferunca of th. Aceu.ul*tar tnanar.. 
car. ur0li.g .y.t.w hu ke.. i.prm.d b7 .upprr..iw 
Imd.sirabl. puuitie mawguid. m&. in the pickup 
ur.,. with .icrw.v. ehorher.. Thi. h.. impror.d th. 
nittam. of th. pbu b.u ..nt to tha T.r.troa. In 
lat. 1088, dum.r. 8b.orb.r. "r. also in.t.1l.d in 
the Accwul.tor stack tsil .y.ta.. Tha in.t.bilitic. 
fr.qurntly . ..n in thi. .7.t.., which limited the 
eyetm perfornence at high .tuk iot.s.iti.., h.r. 
been effastirely .li.in.t.d. Addition.117, .. optical 
notch filt.rlS h.. b... .dd.d t. th. D.hunch.r 
tr.mv.r.. eooliag v.ta.., mbich .lla tb. q.tn to 
cap. with th. iacr.u.d crcl. rate r.qGr.d for 
'malti-batch' ty*tiw (.*. b.10.). 

Th. kcuml.tw hori.o.tsl ~p*rtur. st th. cm. 
ssa impr.r.d h7 a r.dustion of th. horiaontti 
di.p.r.ion in th. mtrai& ..ction.. Thi. hu r.su1t.d 
in en impror.a.nt in *tacking rata at high *tack 
i.t*n.iti**. 

Tb. voltage in ths Dsbunclmr bunch-rotation rf 
my.t.. h.. hasn inu....d by . fedor of ebaut 1.5, 
rr.ultia# in .a incrmse in the pbu *t&king r.t. of 
ro~hly 1040%. IO th. Accumulator, . ma rf unity 
ku bma i.&.lled which *Ilow DX. flaxibilit7 in 
th. .wbar of phu htmcb.. **at to th. Ssin Bin& 

mdn linr imrorswnt. 

'Multi-b.tch* tug.tirU refers to m op.r.tim.1 
mod. of th. Main liq for phu production. I. thi. 
mod., thr.. Bw.t.r b.tcb.. m. inj.ct.d into tk. yli. 
Riw, acu1.r.t.d to 120 CeV, md l trrcted 0.. .t a 
tin to th. Phu Smve. on . 1~ flw.-top. Th. 
pmpo.. of thi. opr.tio. i. to alla rapid-wel. 
aprstio. of th. &arc., n.ultirg in principle in a. 
incr.u.d pbu .txki~ rst.. Dpmstion in tbi. md. 
mquir.. mltipl. bunch rotatiorm ia th. Main Iing 
prior b l rtrsction; tb*** mltiplc mt.tioo* r**ult 
in lcmcittldin.1 .mittmc. worth. Tki. mittme. 
&rmtb, tasct6.r with imfficiamhs in the Pby 
Sobutc., hw. 1imit.d th. .ff.ctir..... of thi. md. of 
op.r.ti.. te d&a. Pwth.r b.u .t.di.. V. p1.m.d to 
d.v.lop ma.. to umtr.1 th... prebla.. 

8isnifia.t improv.mnt. hw. bwn nd. in the 
.ffici.ocy of the bvnch w.l..ci.g pros... in th. Main 

l Op.r.t.d ST Unir.r.iti.s B*..uc$ Assosistion, Inc. 
a.d.r contract with tb. U.S.D.put...t of l5n.r~. 

1. 

K-1. A l..@h..ing of th. 
al&y.d~th. +h c-a.l..ci~ 
.di.bstic, tbua pamitting . 

M..in lily flat-top hm 
proc... to b.wm. mm. 
1vg.r fraction of tha . _ 

initial 11 bunch** to b. cosl**od l.ta s *ir@a 
bunch. l'h. r..ult i. not only a. improvwnt in pbu 
tr.mf.r .ffici.ncy but .l.o . ndnction in llnbuxhsd 
ku md in tha ~nrr.117 md..ir.blc '..kllita' 
husch.s. 

Pin.117. dnriiq the .h.tdmn p.riod prim to tb. 
arr.nt sol1id.r mm. a vjor rwark of th. Main liw 
lsttiw in th* .r.* of th* DO m*rpu* N 
ar,darWm2. This rmork has hd two co..cqne.c... The 
r.rtiul di.p.r.io. "7. srons4 thn riw, which 
r..ulted frm smi.ut.91 ktw.. th. DO m.rpu..nd 
th. r..t of th. l&tic., hu b... lug.17 .limio.t.d. 
Momorer, the r.rtiul di.p.r.io. dm.tch h&m.. the 
Main Ii- ..d tha T.r.tro. .t Bo hu k.. .limin*t.d. 
Th. .b..nca of thi. mimatch ha. r..ultid in m.1l.r 
.aitt.x* km. .t 000 t&V. 

Tantroe imrorements 

Short17 dtmr th. end of th. lES7 ram, th. 
modifiution* .*c.**u7 to impl.nnt 0x6 bvnch 
op.r.tion of th. collider wr. b.011. Tb. ujor put 
of th... mdifiution. inro1r.d ths Twetmn iaj.stion 
kick.r.. Tb. kicker ewaforam wr. modified ta 
.limin.ta pvuitic kick. d.1ir.r.d to .tar.d bun&. 
llp.4 it: ipt~~ of I),” +h... 

prirmp.1 contrihuter+ ta the 
.m..lou. ..ittuace porth oh..n.d during the 1987 
sol1id.r ru. N id.ntifW in .ulr 1980 Y the 
char&u powr .uppli.. for tht proton ud pbu .bort 
kick.=.. I.prov.d filt.ring of th... powr wpplia. 
hu elimiastad tbi. probln. ?ilterixg ha. .l~ &.a 
ddad to th. low-p qudrupol. pwar auppli.. to help 
r.dus. addition.1 mittwe. pwth ob.*n.d mb.. th. 
Tn.tro. i. in th. low configur.tio.. 

Ler~tua. and dr outicity rui*ti.a. in th. 
hratron at inj.etiw and rcc.lar.tion mr. ob..n.d 
derirq th. lOS7 rum. Those l ffectm sr. b.1iar.d to be 
r.1.t.d to pw.i.t.nt current. in th. .up.rcondocting 
Tsretron dipole&'. To ddr... thi. probl.., .p.cisl 
procuubl. rup ‘.nrr.tor. "r. i..t.ll.d o. th. 
d.riw. tiicb control th. T.vstmn tus., chrouticity 
and coupling; th... rup ‘.n.r.t.m. U. progma..d to 
mtoutiull7 cempa..k for th. rui.tion. io ths 
critical uchi.. psrwt*r*4. Tb* implmnt*tion of 
thi. .ch.m hu prwid.d .mffici.at soatrol ov.r tb. 
T~rstrm tame and chraticity that this probl.., 
mhieh mu quit* **rim. in 1967, is DO lcmgcr of 
op.r.tion.1 .i~ifiunc.. 

Pin.117, on. of th. wd..irrbl. f..tnr.. of th. 
1087 fix.d-tar@ w m th. r.lstir.17 lug. .usber 
of T.v.tton dipol. f.il.r... A.top.i.. of th... 
f.ilnr.. hr. m..l.d s c.rr.l.ti.. dth c.rt.in 
f.hriution Il... rhieh c&a ha discorwad and fired on 
nirtiq vat.6. Prior to th. lOI& col1id.r mm, all 
th. dipal.. in th. S ho.... .xpwt.d to wat.in the 
mo.t ur.liabl. ..ga.t. ..r. .x.ain.d for th... flaw 
..d r.p.ir.d Y ..c...uy. Ahout 140 -.ta (50% of 
the.. .xuiasd) VW. r.p.ir.d. Th. r..t of the megnets 
in th. riw *ill bc exui..d md r8prir.d Y a.e...wy 
altar th. mad of tb. arr.nt col1id.r mm. 

P.rf.wsc Duim th. 19M Cellida Dun 

Int.ar.ted lmiao.it~ 

Th run bepn 00 June 2, 1088 and hm kmin 
grou..s for shout 38 w.akm~. kuisstios of r*. 1 



*ham. the mb.taati.1 progr.sr ia i.tyr.ted 
l~x.osity/.wk rd. since the et-t of the nm. The 
total intqmt.d lnminosit7 delivered to de. is 6.7 
ph-1. 

Tevatron Collider Operation 
~,.p.t.4 t.u,,ioo.it, per Week 

Pi@r. 1 

The ssjor ap.riw.t in plue during this rtl~ is 
the 1~6s S*.*r.l-purpos. C6P l xpwinnt at SO. This 
axp+mnt hu lomd hut 2.2 ph-1 of InteptSd 

Smllsr uperimnts ere also in 
md SO. At present, on17 tb. BO 

gt,rsi& **&ion po****** l lowb.t. .y*t... This 
.+.. mu dssipled to prmids . p’ of 1.24x1.05 l 
(6.V) .t the i.t*rrctim point. lwsrer, for most of 
this run it hu bcrn op.r.tsd ia . md. ia which the 
inssrtioe optiu are .ot utsh.d to the rest of the 
riu, hut s nallsr p (0.62~0.66s, IW) is shiered. 

Overall Oollider P.rforunc. Puuetsrs 

The collider performance is nuuised in the 
*performace p.ru.ters’ lieed in Ysbls I. The first 
tee;;" correspond* to a typeal caod store in Y*J. 

The second column presents tb* Twstron I 
projk dssim pals. The 1-t collrm prssaats the 
guueter. for on. of the hi6be.t luimsity .t.or.. 
diered to d&e. 

Table I: 
Collider Psrfomarm Puu.trrs 

It7 1267 Tow I 
t!s!a?% Achiewd De.. 

1. N..b.r of b..&.. 2 
2. Protom/bu.ch 6 
a yy~1m-P 

,' i 
.s 

c bZEdP 
from wrs/buncb 9.3 
(x1010) 

6. IO trmnission 

6. 
l ffici*n~(K) 77 
ID Do*l..ci~ 

7. 
l ffici*ns~(l) 70 
Tw trmnission 

1. 
l fficiulcy(K) 66 
Trsrmsrse nittmce 
(06% . mead) 

protin 
ph.= ii 

0. P (m) .74 

1m 
Ackisrsd 

:.2 

2.D 

6 4.6 

100 

100 

100 

ii 

1.1 

M 

W 

96 

P 
18 

.66 

10. Pbar .ttii!q rate 
(lO~O/bOur) 

(7-w 1.1 10. 2.0 
(-*=u*) .77 10. 1.4 

11. Lmiaosit7 
lifetim (hours) 6. 20. 10.46. 

12. 6pmationsl 
l ffici**cy 0 

(stars hr*/total hr.1 40 66 
1% horn. ti 
kfoy&mf*r 26. 40. 60-70. 

K4. A& stacki= 
time (hews) 10 20. 

_________--_--- _-_______-__-___ 

mIITALLlmIm6m 
(xlm~o/c3/..e) 1.a 10. 26.7 

Liaiteiom to the Internted LnainositI 

Astivraton stuhiru rst.: Ml. II *ha the 
*missing factan’ during th 1088 mm7 for l reh of the 
mriot~ qur&itiss usoci.ti with tie satiprotan 
at.sckisg rota. The *aissing factd is the factor 
needed to hri.6 the ohmned r&s of the qnrntity .p 
to the desia level for tie Ter.tron I project. The 
1srSe.t sir&s cwtriktion to the missily faders is 
s fmcbr of &out 1.6 (idudsd is *Phra/protan into 
2.buocher’) mhicb appars to b. due to aa or.restiuta 
of the phu prod.stio. .rws section o. tumpten in 
the ori&d desi6ra. 

Table II: Pbu &ws. St.&i.6 Lt. 
Missiq P.ciar* 

M &&g 

1. Ph.r./pr.to. into tab. 
6.hunchsr(xlO-6) 12.6 

2. Phu-s/prot.an bunch- 
rothed into 0.W (x10-6) 10.7 

8. Pbus/protoo injectad 
into the Aec.mul*tor (x10-6) 6.2 

4. Pbsrs/protoo .t.&.d 
to the Aeen..l&.r COT. 

(am-6) a.3 

6. ProMas/ cl. en tu6.t 
(x1& 1.1 

6. T-tiw eycl../hmr 

Ovsr~ll: ?bsrs/bour 
etaeked to Aseum.l.ter 
om. (x1010) 

1MO 

1.W 

a.7 

a.2 

a.7 

a.7 

1.1 

1.2 

6.2 

Yh ‘tissialg fa&vrB’ is Ml. II comapond te 
mtwki.6 into . apt, ma&in.. In ddition, there is 
l 1~s of bu from the Asswlstor eon mbich rwult. 
in m sffectir. *tacki. rst. rmduetion u the 
A-1.W i. fil1.d. This l ff.etirely Y.~S thst 
qamtity 4 in th sb.4. table is . flmetion of the 
etmck iStacdt#~. Per eachs of ahoot wx101q QlMtity 
4 is rdncd to shout 6uo-6. 

Th. impl...ntati.a of mtlt.i-hatch tu#.tiag can 
in principle bri.6 quait 6 t. th. dosip r.1.e. 
Lprwmnts is quarttithe 1, 2 and 2 am plmmd for 
tJ18 nut collider rtm (see b.10.). Implsuatatio. of 
4-6 Chs corm coolia2, ud further hproramenta ia the 
Acecpul.tir .pwtnm, cam bslp r.d.u part ef the 
roffoff ia qemtitr 4 with stack intamity. 
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&t&rata tr~.fer;b.?iywb~r.b~ the yb..rrsd 
wrr.l.tion ktmen of .rlt1proto.. 
tr-f.m.d to tba hrstros ..d the .t.ck iatm.it7. 
The rolloff .**n St hi@ .tack iat.rmiti.. i. 
principsll7 d.* to tro effect.: 

(s). Tb. pbu t.r.a.f.r .ffici*nc7 from tb. 
Ac.amdstor to la-P in th. T.v.tron, which bu b... 
y hi& m 33S for trUa.f.r* frOS n.11 *t.Ck*, drop* 
ta *at a for *tsckm in the BOO-70x1010 rsng*. Tlxi* 
raduction i* d** to lo...s at pbu inj.stion into the 
fin li.3: for Xu3. .tsck*, tb* cm* ..itt.oc* bqin. 
to .xemd tb* 1i.it.d hi. Ii.3 trum.r.s apwtllr.. 

(b). Tb. fraction of the a+* which can ba 
Enstied drop. fro. .bo.t l3ca for ..a11 *tack. to (ox 
for lye et&.. fbi. drop i. d.. to growth of tb. 
con lor&tn4in.l width Y tb. istm.it7 *a. 

Anrlprotar at LO" e*tr I‘ Stock ,nt.n*ny 

z o...I,. 
0 20 40 60 80 100 

Stock Inwwty 110”) 

Fiw* 1 

Both of th... pm"&. $;I b. b.1p.d b the 
ba.d.idtb .pgr.d. to p1.na.d for th. 
Accmul.tor SOT. c.oli~ .7.t.. (... below). 

B.u-b.u iat.r.ction: Tb. princip.1 limit.tion 
to the proton trarmrar.. d.a.ity (snd b.ne. tb. 
ltnisw.it7) in th. 1933 col1id.r ru. hu b... th. 
b.u-baa int.rsction. Tb. b.u-b.u i.t.rutioa cm 
b. puwtari..d br tb. 1in.u ku4.u ttlll. .bift, 

8w = 0.ansJ(n,/e,10, * 

rber. 1 i. th. nu8b.r of proten. p.r bunch (x1010), 
cp i* tg . proto. 06% traa.v.r,. .mittulc. (in * I- 
mmd), a.d .. i. tbr number of um.imf~ (12 for tbi. 
run). IO ~~ of t~:iid~~Y.t.r, ~ kgin to . . . 
d.t.riorwtion of p.rforunc. St protAm 
tmmsvsrse d.n.iti.. eorr..pondi~ to bv > 0.02; for 
du > 0.03, th. d.pd.tion i. ..v.I. ..OII& tb.t m 
-t 0pcr.t. tber.. 

Tb. prfowc. d.t.rior.tio. ob.6n.d in th. 
- 0.02 < 6v (0.03 i* .pmifiull7: 

1. A.tiproton .ritt..e. mb .t 160 Cd, d.ri.3 
rcul*rrtion to 3W OeV, ..d d&q tb. lo.+ .q..... 
(t7piull7 0. a. 0rd.r of SO-rox); 

1. *nt.i.roton lo..e. durin. tb. .- mriod. 
(tniuliy 546s); 

3. 3.duction of tb. initial lmi.o.it7 lif.tim 
I... Pi.. 31. .~ 

Thb;~i&lu..s. of . 7th order r..ormm., 1oat.d 
at s tuna .cpu.tion of (Sg, *) = (0.013, 0.024) 
from the hue morki.3 point, i. b.1i.r.d b ba 
r..po..ibl. for tbs ob..n.d sffssts. To control th. 
beebeu intamction duri.3 aper&ioa. it i. mtia. 

3 

pr.&ica ta utili.. the Terstron tnnner.. dupsr. . 
.oi.s .ourc.. to delibm.t.17 iacr.us tb. proton 
trsnnene ..ittmcs to brirq 6v into th. .ccapt.bl. 
-a. Tb... d-per. 81.0 we used to .limin.ta m7 
..t.llit.. djrc.nt to tb. da... cantr.1 bunch which 
"7 bw. rsmlted fra impmf.ctiom. in the co.l..ciry 
prou.. in tb. Msin~Rily. 

,n,r,,, ,Lm,no81~" I,F.tlmm "I lmnr be--be" M *MC 
25L”, . ‘. . (‘. “I“ “I.4 

? 

l 
l * 

i 20 
. + l l l * 

l +* l 

2 
. t l 

l . 

% 
* 

***+ l 

;15 
T.**t* l +* l . 

l . 
l l l 

: 

.-* l f. 
l 

. 
l l . f l +*. 1 

l * ** :*: .* . 
l . 

1 

OE..‘...“..‘.“.“‘.’ 
0.015 0.02 0.025 0.03 

L~nrar b.em-b.sm tun. ChlFt 

F-9 3 

A prow.. of direct rutu...nt. of a. 
ukiproten ttme di.tributio.3 is und.m.7 to b.lp 
md.r.tmd tbi. li.itbtion in mom d.t*il. Studi.. 
b.r. .I.. bqun to .xplors the po..ibility of u.i.3 
oth.r r.3ion. of tun. *paa mbicb u7 prorid. U.U 
frser of hi&order r..onans..~. Ultiut.17, in tb. 
..xt eol1id.r ma, tb. p1mn.d in.tslletion of s b.u 
..puatn .cb.m. mill n.olr. thi. probl.. (..a 
b.lm). 

L..i.O.itY lif.ti..: Tb. lumi*o.ity lif*tinfO 
is obwnad to grow from the initial r.lu.. *born in 
?i& I, d&b d.p.od o. tb. proton trum.r.. d.n.it7, 
to r.lu.. in tb. rs.3. of 15-33 how. sft.t 16-20 
bo.r. into . rtor.. At tbi. point, tb. ob..n.d 
tr.n”.r.. .mittulc* gratb i. &Jut . frctar of t.o 
grsater thus th. .xp.ct.tion from iatr.b.u .utt.tiw 
mud tb. .ff.st. of the Twstron m.idu.1 3~. Althosqb 
.t.di.. U. corstinuily to lout. tb. .ourca of tbi. 
-10.. aittasc. &ro.tb, th Iu.i.o.it~ lif*ti.. i. 
alr*.d7 .uffisi.ntly 10113 tbst it i. Dot l ..riou* 
op.r.tio.al problu. 

hour*). Tb* "as *tar* 1.83t.b for all *r** i* 14.6 
bow.. Tb. lu3.*t .i@* cum* of tmi.t.ntio~l *tar* 
la. b.. ken tb. .pont...w prefir. of tb. Tsrdmn 
dart. kichn (23 .tmr.. lo&). The. bar. b... tbr.. 
T.r.tron diwl. f*ilw... rwwa.ibl. for about 2.6 

I.1iabilit.Z: A. of 12 Yvcb lWS, th*r* bare I.1iabilit.Z: A. of 12 Yvcb lWS, th*r* bare 
besn 213 *tar.. in th. ID33 co1lid.r nm. of which 30 besn 213 *tar.. in th. ID33 co1lid.r nm. of which 30 
mr. mdcd iatantionrlly (mm *tar. l.nftb 21.3 mr. mdcd iatantionrll7 (mm *tar. l.nftb 21.3 
hour.) sad 132 by fwi1w.s (m.. hr. l.qtb 9.7 hour.) sad 132 by f.ilw.. (m.. hr. l.qtb 9.7 
hour*). Tb* "as *tar* 1.83t.b for all *r** i* 14.6 
bow.. Tb. lu3.*t .i@* cum* of tmi.t.ntio~l *tar* 
la. b.. ken tb. .pont...w prefir. of tb. Tsrdmn 
dart. kichn (23 .tmr.. lo&). The. bar. b... tbr.. 
T.r.tron diwl. f*ilw... rwwa.ibl. for about 2.6 
seek. of d&time. &r.rti lid:Ii- m.rp”. dipol.., 
sad o.. Main Pi.3 qudrupol., bw. fti1.d mad b.d to 
be r.pl.c.d. nmr. bar. .l.o b... s ..mb.r of f.il.r.. 
of tk. lithium 1.n. (l..k. ia th. I... ccalinl 
circuit) mbicb h.r. not uu..d ..b.tukirl dmtim. 
kcm~s. of th. l r.ilsbilit7 of *WI*.. *par... 

Outlook for tb* future: the FwmiXrb Lbude 

Aft.r tb. ..d of tba curr..t sol1id.t run, tb.r. 
will k . fir. mo.tb .b.tdom t-a capl.ti tb. Terstmn 



dipole mpair. ,tu%d in the ,~riry of 1366. 
suk.qa.ntl7, tab. Tevstros will op.r.ta for find 
tyst pb+cr. for . nine m.tb ran. fb* a.rm till 
b. a00 6.v Md imt.n.iti.. of 1.6-&1013/p.1.. u. 
pl.n..d. 

8.bsq.s.t allidsr md fissd tar6.t rm. will 
b...fit fra tb. r.b.t.ati.1 

“p 
ro..D.nt. p1.rm.d in 

the hrmihk ap6rds progrul . Tkis pmcrv is 
divided into tAr.. pba...; in es& pk..., the collidsr 
imitirl llr.o.ity i. .xpmtad to iaersus b7 at leut 
. isee of fir.. Tbsr. will also b. . mb.t..tial 
impmvut h fksd tugst prfowu via ..ek 
h. 

Pk..* I rm36-33) 

to iAmLn:::e ir%i 2 iorE=; 
tb. .U pbysiul 1.&b, b7 . r.pl.e.nnt of tb. 1-t 
four drift tub. uritis. with more sfficient, ki6k.r 
&isnt awiti... The motivation for this op6mde is 
to r&w. tbs ~s-ebu6t ioduud nittmsr dilution 
prsssntly mf1er.d just ritwt baster injection for 
int.~iti** .bom 1.6x1013. TM. will b.r* ,, impact 
00 mllidsr pcrfowce in ho -7s. Pirst, tb. find 

_ int.msit.7 proto, bun&e. ,md for col1i.io.s in th. 
Tsratm. .bo.ld hw. their aittrac. Irduc.d b7 
3040%. 3.condl7, sine. Main Eiw tr~*.is.ioa 
.ffici*nq is ILitad k7 the hi. Ei.6 ttuaverse 
mpsrtur.., hi&w iatmsit~ bssm. (by . fsct.x of 1.7) 
l bould k sbl. to b. uc.1.r.t.d ..d tugsted for pbu 
production. Tki. intmmit7 iaus~s *ill .l*o bmefit 
ths fixed tw6.t pro6ru. If approrsd for sonstructioa 
la T?WO, th. Lime np6md. project could k co9l.t. 
b7 mid-1633. A r.1.t.d .ffott to mducs smittsnc. 
smmth in ths lw-sn.qy ..d of the Linas is *Iso 
mld.rn~. 

A.tiaotarl %ourc. tltmd.: I. 193.Q, it is 
ple..d to inu.u. the ,p.rt.r. of the D.buacb.r ri.6 
b7 op.oi.6 up tt.s 3.buacksr stocbutic aolin system 

%%~e!?injsctiom line rad .. incrsue in ths 
Cauplsd with aperture inprorsments in 

litbixm 1.~ operstiq pdi..t, this improwmnt 
*boaId pi. .a mwsll fsetar of &out 1.6 in pbu 
duk1.g rd... 

At tb. ..m. ti.., the m par in tk. 3.b..ck.r 
tr.a.v.r.. cooli 9.t.. till b. doublad. Ibis vi11 
wmp.n..t. for tb. 1ocr.u. in the 6.p .pwirlc. 
Additiomll7, i. tbs Accuwl&or, tbs prssent 1-4 08s 
ODE. 9.t.. mill k .p6md.d to I-3 63. in 1333. Tk. 
mww4-yu;~r~.t..l3 wil! improv. fb. .t&cki.# 

int.a.it~.., mad rsdue. the 
aitta.u of th. pbu. d.1iw.r.d to the T.r.tron. 
Piully, . z-4 Cu. fut mam.Dttl. cooli~ 9.t.m 1. 
plwmad for th 3.bunshst is 1330-31. Tkis 9st.a will 
nb. tb. emsnttlp spread of the bsu iaj.ct.d into tb. 
Acamhtor both n.1l.r .nd also l... sensitive to 
ruiatiom i. tb. lor&.diml ~ittms. of tks proto. 
baa.lA&rotat~ of this 9.tamm.,b. implo..tiin 

I. & mr.. of -tin& . pr.fom.irl# litkirp 
I... A. m&r d.v.l.pa..t for tk. 133SlQW pried, 
rh1r.b Till allor tk. proto. .pot *is. . tk. 
prdxtioa tar@ to b. r.d.ud. This will rsmlt i. 
LD isa... in tk. pbar 7hld. To .o.bl. tk. tar@ lo 
survi~. with the.. n.11 rpot .i..., md with tb. 
hisha proton intmsities foresssn mith tbs Lime 
.F.u~., . tyst . . ..pi~ 9.t.. 1. ..d.r d..i6., 
Pith implma~tio. up.st4 in mu-63. Tk. nltirta 
or.t.ll 6.1. 1. pbu 7isld up.cted fro. th. tu6.ti.6 
iBpr0..m..t. 1.. fvtm of 1.3. 

Tsrstro. .mrd.: 
~l.a..d f 

Tb. pr1acip.l imprw*..at. 
the Twstroa in the ..Y-t.r. V. . la-p 

9.t.m .t%. . s” h-p ~st.. .t m, sad. .,.ta. 

of .1.ctro.t.atic ..pu.tor. to l epuat. tk. b.u. 
nsrywbsr. .wspt st Kl md DO. Tkis 9st.m will 
r.1i.r. the c0n.tr.i.t.. no. impo..d b7 the b.u-b.u 
f&ersction, aad mill all- opmation with .p to 44 
h&s. A am short 9st.9, ..d A.. injection 
kickus, will .I.o b. r.quir.d. 

E&D mark will continue on cold caprssson wkish 
will slla tk. rin6-rid. tap.r.tru. to b. r.duc.d 
fra its pmvnt 4.7. to lsss tb.a 4.p. If this wxk 
is .m...ful, . ri.6~wid. cold aaprsssot 9.t.. will 
b. imtal1.d in 1990. This is the mt feuibh -7 to 
rush . pi.6 sassy in ths &lids? md. of 1 T.V. 

’ 

Tb. se. la-p 9.~. for W a.d 30 a... 11 a.. 
1.4 T/m da qu.dmpol.. of . cold iron, two 8h.11 
de.+,, a.d 6 .m 0.7 T/D tri. q..&upol..l4. 
n..im.l17, tb. 9.M. - acki.T. . p’ of 0.16 l . 
Unlit. tk. pressat 9,t~, l t 30, tk. i...rtio. i. 
sapletal7 rtc6.d fo tk. T.vstrm lbttiu, inchdi~ 
th. dispersioa. Tb. ia..rtioo dssim sl.o prorid.. 
vsrm .p.w. for ..psrams. It. mt+. is p1.im.d to 
ke mmplstad in ht.+ 1660, in tin for tks first 
pb7.h nm of tks 30 d.kstar. 

Tk. ..pu*tar 9.t.e. mill b. in.t.1l.d in 1990. 
Ths bssn till b. .spar.ted tkro~hout tb. uchine 
asept at BO aad DO. Tks .*pu.ted mbit.16 .ill be 
ioterlinlsd bslius, providi.6 l noCn.1 sepustiw of 
)6 o at 1 TsV; sspuation is rcunplisbed a&q 23 3-m 
loa3 slectro*t.tic l *p~*tar* opwstia6 st <36 IV/m. 
A protit7p. 9.t.. IS W.&I7 ad.r d.~.lopH.t; 
test. of th. spark rst. of . ..pustor in tb. T.r.tro. 
wrimnwnt Vi11 b. comIuct.d Y mm. Y ir fsuible. 

Drsr.11 al1id.r mrfowcs in ~hbuc I: After 
the n.. h-p wad ..pu.tor in.t.ll.tioo, tb. b...- 
barn limit.tiom will b. rsliersd ..d opcrstion with 
bunch mubers Y high LI U will b* possible. Ey 1992, 
6th the Linrc ,nd Pbu 6mrcs up6rd.s in 

K 
lace, the 

pbu stackiry ~t~,.bo.ld rexk &out 7.10~/h;~lb;; 
tbir point I =a= 11.1t.ti0. 
iBp?oT.m.nt. will k tk. psrfowc. of the Nsio Ei 
With 33 bumcb op.mtion, . 

r 
of 0.6 ., rnd 1% 

protons/buach, and with optin .tilis.tio. of all the 
pbus tbs &urea LII~ provid. (2.6.1010/bu.cb in ths 
Tsrstron), it 1. .xp.et.d tk.t tk. allidrr es. 
prorid. p.& lmino.iti.. of sbo.t 103~/~/..c, ..d 
i.tq.t..d 1umi.witi.s of >60 pb-1 p.r 10 month r.m. 

ph... II: tk. m.in Inisstor t1001-031 

?wth.r pro6r.s. la ooll1d.r l.mino.it7 bqond 
pk... I 
phdpbl 

“Urlr~~~U .~m8j;rf~or~it’~mt~. Thi 

imph.ntetioo of phue I is tks H&I 3i.6. This 
n&i.. hit. mllidsr I.mi.o.it7 in at hut four 
m.: 

1. Beau* of tit. nehim’. limit& .p.rtw.., 
potm intsasity for watiproton .tac.kira6 is limit& to 
nll klw tit is in priaeipls .nilbbl* from th. 
B.o.tat; 

9. ?or tb. mm. “~.a., tb. protm intansit~ for 
dslir.~ to the Tsvstm. 1. limitad to -11 klow wkst 
the collidsr an taks bsfors tb. kvkv lhitatioa 
is rsscbsd an t&s *sparated mbit.; 

3. Th. mcbin.‘. 1init.d .p.rtw.. r.mlt. 1. 
poor amtipratos tr8mf.r l ffisi.m7 for lys rtrcls. 

4. n. pr.*.ms of tb. bin Ei.# ku is the 
rieinity of tk. eol1id.r dstaton, nq.irir~6 rigid 
a&r01 of lwsss wkils in pbu production, is a 
Con.t.nt .o.rc. of pmb1.n and dsd tin for the 
up.rim..ta Md oztao 
intsmsity. 

prorid.. a limitation to 

“.&ropo.d for the .ol.tion of tk... prob1.n 
is stmi tiormrd: rsp1.c. a. main 3i.6 witI8 , .” 
Cl60 0.v 9.cbrotron la l a” t.ml.1. Tki. .” 
mehim 1. ullsd tb. Ihi. hjsctm. It bu . rsdiu. 
about kslf that of tie prsseot bin El-, ssd mms 

9 
I 



scme of the SY. cmpoosnts. It will bsee dequata 
treosrerre aad lo&tudin.l sdsittmca to kmdle 
sfficientl7 all the bea. tb.t the baster CM dclirer. 
Coomquently, it eill be .bla to provide intensities 
of 6.101~ protonr/pul.a, at l rapid ~7~1s r.te 
(0.67 Es), fo tb. Phu Sourea for pbsr production. It 
till b. able to sfficientl7 trewfer large pbu 
e.ittaocss fra tb. 3ource to the Tsrstron. It be. the 
up&t7 to provide proton bunch intamities of 
)3x1011 to the Tar.tron for collider operation. It 
will be l bls to delirsr interuities of 6x1013 to the 
Tsrstron for fixed tar&et op.r*tion. ?imlly, because 
it is dssoupled fros the Tevstmn, it will be sbls to 
delirsr 7.u-round 13O GeV kst be..., sod high 
intso.it7 (3xl013/pul**) 110 GeV production be..., to 
tb. up.ri8.ntel es.". 

Tbs orsr.11 1-t of the #sin Inj*ctor 0. 
wl1id.r p.rfowc. is to iner.... both the number of 
proton. and uatiprotws sufficisntl 
lu.i.o.it~ 1. .xp.ct.d to sxcsed 6x103 /cm+c. If I 

tht t.b. 

construction of the ucbin. h.gsn in WlOOl, it could 
k cmp1.t.d in 1st. 1993. 

Pbu. III: beyond 1993 

The re.or.1 of the Usin Ding fro. the Tentron 
tunnel open. up the possibilit7 of the in.t.ll.tion of 
mother *uparco;o&iog s7pchro~ron in it. place. 
Curreot EAD brgb-fxeld superconducting 
dipole.16 offsrs the gsibilit7 of e 6.61 de.ip ritb 
.ufficisnt sperture to provide . 1.6 TeV replsce.ent 
for the Tsr.tron. Yorcorsr, the design sdmits of the 
possibilit7 of opsrstion at 3T (1.8 TcV) rbsn soolsd 
to 1.8' K. 

Preliminu7 de.ign work bu esteblisbad . lattice 
d&p17 rbicb reduces the required ..pu*tor field. 
at the higher energ to . mamgerble lerel. The 
dispersion function bu l l.o brsn reduced 
substsnti*lly relative to the present Terstron. 

The collider performm. pins inherent in this 
propod me obvious. In dditioo to . lluinosity 
increua ta >0xlO31/c&/**c (unin(l strictly from the 
reducsd b.u l aittance st tb. bicker snsrgy), the 
pb7siu rswh of the 3.3 TeV C3 satrg is clear17 
subst.nti.117 greater (equir.lent to . fector of 10 in 
lemi.osit.7 for some processes). Morao~cr, bccwsa this 
proposal do.. oat r.quirr tb. r.sor*l of the sxistiq 
Ter.tron from the tuna.1, the possibilit7 of pp 
colli*ions *t 2 TeV CM energy (mod high luminosity) 
rauins op.*. 

Ack.wl.&...nt. 

Tb. effort. of s.v.r.1 hundred n smber. of tb. 
Pemilsb Accehrstor Division ue rsflectd ia the 
work reportad in this p.psr. The coll.bor.tirs effort 
of the.* people is in fact the key iwcdisnt which 
makes Teratron sollidsr operstion pas.ibla. I would 
*Isa Ilk. ti thank John Crawford for the ruI.rstm 
op*r.tial *t.ti*tiu. 
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